This paper analyzes structural differences in holding size distribution of private forestland at the county level in Alabama, USA. The following categories are used to describe the timberland holding distribution: mean holding size, Gini coefficient of timberland holdings, and share of county timberland in holding sizes of fewer than 80 hectares and more than 800 hectares. Regressions are conducted to explore the socio-economic correlates of forestland holding size distribution. Results indicate that population density, age structure, urban-rural population structure, income structure and land tenure type are strongly associated with the forest holding size distribution.
Introduction
There are an estimated 250 million hectares of forestland in the conterminous United States (Smith et al. 2004 ). Nearly two-thirds, or 160 million hectares, are in private ownership. Studies and surveys conclude that forest ownership parcellation, characterized by the subdivision of land owned by a single large owner into multiple small owners, is occurring as indicated by dramatic increase in the number of ownerships and decrease in the average holding size (Butler and Leatherberry 2004) .
Parcellation is an important socio-economic issue. Throughout history, class has been primarily divided by status of land holding. To some degree, this issue is like income distribution: We care not only about the average income but also about the distribution. Land holding size is also an important indicator of welfare and of socioeconomic development (Tomaskovic-Devey and Roscigno 1997) .
Parcellation also has ecological and environmental consequences. It is often viewed as a precursor of or is strongly related to fragmentation, which is the process of breaking up larger contiguous parcels of homogeneous land cover into smaller parcels of heterogeneous land cover (Stanfield et al. 2002) . Forests in smaller ownerships often tend to be more fragmented due to the presence of roads that allow for the owners to access their lands and the adoption of different management practices in terms of species, rotation, silviculture and using harvesting techniques. The small scale land holding is often not economically efficient for timber production purpose. Forest fragmentation is receiving significant attention as a result of concerns that it adversely affects wildlife habitat, watersheds, and timber production (e.g., Barlow et al. 1998 , Wear et al. 1999 , Munn et al. 2002 , Kline et al. 2004a .
Forestland parcellation trends (especially in the smaller ownership category) and the ecological and environmental consequence have been observed over the past few decades (Healy and Short 1981, Healy 1984) . It was observed that recreationalists, rural nonfarm residents, and land investors owned parcels in the 2-15 hectares range. In the parcellation process, local landowners and real estate agents have made a profitable business of splitting parcels to meet the new demand (Healy 1984) . However, empirical analyses of this phenomenon are surprisingly scarce in the literature.
Comparatively, there is more literature in agriculture. Both agriculture and forestry are very much dependent on land. Schmitt (1991) and Allen and Lueck (1998) used transaction cost theory to explain why agriculture has largely resisted transition to large corporate ownership in Europe and North America. Much research considering the relationship between farm size and community well-being in the United States has found that a region with more wealthy population has more number of smaller farm land owners (Goldschmidt 1978 , Dalecki and Gilles 1988 , Swanson 1988 , Labao and Schulman 1991 , Rosset 1999 . We are curious whether such a relationship exists between well-being of the population and timberland holding sizes.
The study by Ripatti (1996) is one of the first and perhaps still the most comprehensive study on the causes of forest parcellation (partitioning) in Finland. Findings from this study show that the odds of partitioning are about three times greater for jointly owned holdings than for family owned ones, and being a farmer, permanent residence had effects on partitioning. Mehmood and Zhang (2001) found that death, urbanization, income, regulatory uncertainty, and financial assistance for landowners have significant impacts on the change in average holding size in the United States. Gobster and Rickenbach (2004) suggested that economies, demographics, values and motivations, globalization and technology, natural capital and policies are six main drivers of forestland parcellation. An aging population was especially cited as a driver of forestland parcellation.
In Alabama, Ratley (1972) is among the first to analyze the holding size at the county level. He found it was an important factor that influences how landowner markets his forest products. Instead of examining parcellation, Sisock (1998) focused on the consolidation issue (large owners) and well-being measured by poverty, net migration, unemployment and education. On a similar line, Bliss et al. (1998) suggested that socio-economic and environmental consequences may plausibly accompany a trend towards greater forestland consolidation in Alabama. Their findings concluded that forestland consolidation might be viewed as indicative of renewed economic vitality and growth, as regions in which most forestland is concentrated in large, privately owned tracts are extremely attractive to the forest industry.
Holding size is also affected by landscape and natural status. Sisock (1998) found that historical patterns of land ownership in Alabama were primarily attributable to local physiography and soil type. The state is often divided into three main physiographic regions: the Coastal Plain, Piedmont, and Upland (Healy 1985) . Prior to the Civil War, the plantation system on the Coastal Plain was characterized by land concentration, production for commercial markets, a high degree of social stratification, and dependence upon slave labor (Skees and Swanson 1988, Sisock 1998) . In contrast, the historical ownership pattern in the northern hill counties of the Upland consisted of a multitude of small ownerships. Steep slope terrains and low soil fertility were the limiting factors for timber management that resulted in an increase in small ownerships, wherein managing for timber production was not a major objective for owning forestland by the landowner. The Piedmont region, with its landscape fluctuating from rolling to hilly, accommodated both plantations and small farms.
In the absence of consistent holding size distribution data over time, researchers have typically conducted mean level analysis of holding size distribution (e.g., Mehmood and Zhang 2001 ). An alternative that may overcome this problem is to examine the structural variation across regions to help shed some light on the changes across forestland holding size categories. The factors influencing the structural change in forestland holding in general still remain largely unexplored.
The motivation and purpose of this study is to investigate structural differences of forestland holding size and the potential factors associated with its distribution by using Alabama county data. Currently, there are 9.3 million hectares of forestland in Alabama that account for 71% of its total land area (Hartsell and Brown 2002) . About 94% of Alabama's forestland (or about 8.74 million hectares) is privately owned (Smith et al. 2004 ). This study uses data on private forestland ownership at the county level to analyze structural differences across counties.
Our objective is to identify factors that might influence or be associated with the timberland holding distribution. Our hypothesis is that the socio-economic characteristics and natural conditions influence the forestland holding structure across counties. We believe that change in the socio-economic circumstances will lead to change in holding structure just like in other sectors of ownership. We begin with a discussion on empirical econometric models used in the study, followed by data description and the estimated results. Finally, we present our conclusions.
Empirical Econometric Models

Dependent Variables: Timberland Holding Distribution
Average holding size can be used to measure the general trend of the holding size, but it does a poor job in measuring the structure. In this study, we introduce two other measures of forestland distribution apart from the average holding size. Based on the methodology to construct Ginicoefficient, which was developed by an Italian Statistician Corrado Gini (Gini 1921) and is used to describe the inequality of wealth or income within a population, we calculated a Gini-index of county timberland distribution. As shown in Fig. 1 , the cumulative percent of forestland (Y axis) is plotted against the cumulative percent of forestland owners, providing the Lorenz curve of timberland holding size ordered from small to large. (Fig. 1) , the Gini coefficient of timberland distribution is the ratio of A / (A + B). This coefficient varies between 0, which reflects complete equality at A = 0, and 1 which indicates complete inequality at B = 0, meaning that one person owns all timberland. Perfect equality of distribution would be a straight line at 45 degrees (A = 0).
To further explore the landownership holding distribution, we divide the whole land acreage into three holding size categories, such that each category shares approximately 1/3 of the total private forestland in the state. By employing this rule the threshold values are: fewer than 80 hectares (small holding), 80-800 hectares (medium holding) and larger than 800 hectares (large holding). We believe that this is the most objective way of denoting timberland distribution given our data. The share of the three groups is used to measure the timberland holding structure. As forestland holding data in some counties were collected from holdings only larger than 4 hectares, the share of small holding in our study refers to the forestland holdings ranging from 4 to 80 hectares.
Independent Variables
Forest land owners adjust and optimize their holding size based on the changes in relative costs of the input factors and output prices. Some people might become new owners. Therefore, timberland holding size must be dynamic.
Owning and managing timberland reveals a mixed production and consumption behavior of the owner and varies significantly by the holding size. From a production perspective, owning timberland generates profits from producing timber and non-timber services (such as hunting leases) and land price appreciation. From a consumption perspective, owning timberland is not different from buying other products and services to maximize the utility subject to his/ her income. Both production and consumption behavior would change in response to the change in prices and wealth. For example, the difference between the timber production motivated (forest industry) and the non-timber consumption motivated Non-Industrial Private Forests owners (NIPFs) in terms of their production behaviors has been documented by Newman and Wear (1993) and Liao (2007) , among others. It is argued that small-scale forestry is associated with issues of significant transaction costs of environmental services (Zhang 2001 .
Studying the complexity of the mixed production and consumption behavior of the landowner within an economic framework requires including a bunch of relative prices in the model: home prices, food prices, transportation costs, timberland prices would be needed if we examine their consumption behavior, while timber price, capital costs, wages and timberland price might be considered more relevant for their production behavior. In this paper we examine natural and socio-economic factors that we believe would eventually determine the relative price of input factors and the relative value of timber and nontimber services from forests. In particular, amenity-value of the forestland, unlike home price, is totally unknown. This is important if we assume that the objective for the timberland owner is to maximize utility from the consumption of goods and services provided by the forest.
Due to the absence of data on economic variables such as relative prices, we assumed in our study that all individuals are faced with costs and prices that are fundamentally determined by their socio-economic environment. This implies that the structural differences in timberland holding sizes across region and time are the aggregated responses to the differences in demographic and economic factors, such as the population and per capita income across counties.
Population density is an important factor since it drives up the demand for forestland for a variety of purposes. As the population increases, more land is needed for residential use and for non-timber production, which increases the opportunity cost of timber production. Of course, population growth is also associated with increased demand for timber products, but the changes in demand for the two kinds of products (timber and nontimber) are not proportional since wood-based market products are more determined at global or at least at a larger regional level. Nagubadi and Zhang (2005) also suggested that population density was a key factor in the conversion of timberland and agricultural land to urban use. As we argued above, owning small forestland is fundamentally driven by the motivation of nontimber consumption purposes. More population will have more small owners.
In addition to population density, the population distribution in terms of age structure and ruralurban structure will also likely influence forestland holdings since their use of forestland varies. Studies have found that distribution of humans had strong ecological and environmental implications (Keilman 2003 , Liu et al. 2003 . Human inflicted urbanization impacts on habitat and loss in biodiversity had been widely acknowledged by researchers (McKinney 2002 , Riley et al. 2003 , Turner et al. 2004 ).
The impact of urban and rural population on holding size distribution has received little attention. Evidence from past studies has revealed that rural-urban migration had a significant impact on the change in land use and land cover (Grau et al. 2003) . If the increase in population among the urban areas is caused by the migration from more rural areas, then the population density would decline in the rural areas, leading to forestland consolidation in those areas. Therefore, we hypothesize that not only the population density but also the spatial distribution of rural and urban areas may influence timberland holding structure.
Based on previous literature (Sisock 1998 , Mehmood and Zhang 2001 , Gobster and Rickenbach 2004 , we know that socio-economic factors are associated with timberland holding size. Usually socio-economic well-being and its distribution are considered as the underlying forces for this change. The income Gini index quantifies income disparity (Volscho 2004 ) and may be a significant predictor of parcellation and consolidation (Sisock 1998) . Therefore, income per capita and income Gini index, the two most important variables that measure average welfare and income disparity were included in the models.
Demographic factors may also be associated with the changes in the holding size (Gobster and Rickenbach 2004) . For example, an aging population might be an indicator of more land transfers in the future, subsequent parcellation, and consequently an increase in the number of smaller holdings. It is also possible the elder land owners might have different objective of owning timberland. As income increases, living in or around the woods seems to be a growing lifestyle trend (DeCoster 1998). Private forestland availability may also affect the average holding size and the holding size structure.
Classic land use theory developed by David Ricardo and Johann von Thünen explain that land use change patterns are dependent on the relative rents to alternative land uses which in turn are influenced by the location and quality of land. The quality of land has a major influence on the likely use of land for either agricultural or forestry purposes (Hardie and Parks 1997 , Mauldin et al. 1999 , Ahn et al. 2001 . It is also an important factor that determines whether forestland is used for timber production or for primarily recreational and environmental services. Our expectation is that better quality of land (lower value of the average land quality index (AVLQ)) will be associated with larger holding sizes where timber production is the primary objective.
Combining all these factors, the empirical models are specified as shown in Eq. 1. We expect these four regressions (the mean holding size, the GINI coefficient of forestland distribution, and the share of holding fewer than 80 hectares and larger than 800 hectares) to display the structural differences across Alabama counties. All these equations share the same independent variables but have different dependent variables that we use to measure the timberland holding distribution.
where i = 1, 2, 3, 4, Y 1 is the mean (mean county holding size of forestland), Y 2 is the GINI (Gini coefficient of county forestland distribution), Y 3 is LE80 (percent of county forestland in holdings fewer than 80 hectares), Y 4 is LA800 (percent of county forestland in holdings larger than 800 hectares). POPD stands for county population density, OLDP stands for the percentage of county population older than 65, RUPO is percent of county rural population, INCP is per capita county income in the year 2000, INGI is Gini index for family income within county, FORC is the county percentage of forestland out of the total land, and FOIN is the county percentage of individually or family-owned private timberland (excluding the forest industry-owned), and AVLQ represents the county average land quality index. Descriptive statistics for these variables are provided in Table 1 . We expect these four regressions jointly to display the structural difference in timberland holdings across the Alabama counties. Our intention to use several dependent variables is to see how the same independent variables affect the different aspects (since one variable is not good enough to catch the distribution issue) of the structure and holding size issue differently. For example, the socio-economic control variables in the models control the Mean and LE80, LA800.
We used the log transformation in both sides of Eq. 1, except for the independent variable AVLQ, which represents the county average land quality index. Since AVLQ is a categorical variable, it is inappropriate to make such a transformation. One important feature of our model is that almost all of the coefficients of this model have an interpretation as elasticity, except the one for AVLQ.
Data
The data for this study are at the county level. Forest ownership data are generated for 55 out of the 67 counties in Alabama from PFMT (Private Forest Management Team) landowner database maintained by the School of Forestry and Wildlife Sciences at Auburn University. The original data were obtained, based on the $0.10 fire tax on forest land from county tax offices in a variety of formats, with names, address, and acres of forest land for all forest landowners (public holdings were excluded). Since fire taxes are not collected on forest holdings of fewer than 4 hectares, forest land of fewer than 4 hectares is not reported in a number of counties. To remain consistent, we removed the holding size of fewer than 4 hectares. Considering the difficulties in distinguishing between the forestland owned by family or industry or Timber Investment management Organization (TIMO), we are only able to analyze holding size distribution including all private timberland across counties.
Socio-economic data were collected from the US Census Bureau, state and county quick facts in 2000 (U.S. Census Bureau, Census 2000a). Percent of forest cover was calculated from data in Forest Statistics for Alabama (Hartsell and Brown 2002) .
Data on land quality were generated by the United States Census Bureau, Census of Agriculture (U.S. Census Bureau 1992). Land is classified into eight land capability classes (LCC) in decreasing order of land quality (Klingebiel and Montgomery 1961, Nagubadi and . Empirical analyses show that the proportion of two higher land quality classes in the total land affects whether the land is put into agricultural or forestry use with better quality land allocated for agricultural use. The ratings for a land parcel range from 1 to 8, in which 1 stands for the most productive and 8 the least productive. The average land quality index (AVLQ) was calculated as a weighted average of acres in each land class in the county (Nagubadi and Zhang 2005) .
The definition of population density in our study is persons per square mile. The mean value for the 55 counties is 76. Also, on an average across all the 55 counties, 70% of the population was rural. Technically, "rural" stands for any incorporated place or census designated place (CDP) outside urbanized areas with fewer than 2,500 inhabitants (U.S. Census Bureau, Census 2000b) .
Per capita income is a good relative measure of the income totals available in each county (Bukenya 2002) .The mean value of annual per capita income is $15 691 for our study area, compared to $22 972 for the whole of the state and $28 546 for the nation in 1999. This difference is consistent with our previous explanation that we missed many wealthy counties located in metropolitan areas. For instance, two counties, Shelby and Jefferson, had above national average per capita income, but they are not included in our 55 counties. Data on Gini Index of Family Income were taken from Volscho (2004) . Percent of forest cover is also a critical variable affecting the distribution of forestland in each county. We calculated this variable from the data in Forest Statistics of Alabama (Hartsell and Brown 2002) . Percent of forestland is calculated as the ratio of forestland area and total land area. As noted in Table 1 , the average forest cover in our study area is 65%. The share of individual or family forest land ownership of the total forestland is also calculated and included as an explanatory variable.
The calculated mean value of average forestland holding size (MEAN), the Gini index of forest land holding distribution (GINI), the percent of forestland in holdings fewer than 80 hectares (LE80) and percent of forestland in holdings larger than 800 hectares (LA800) for the 55 counties are listed in Table 1 and were the dependent variables for our econometric models (see Eq. 1). Gini index of timberland holdings indicated that the private forestland is distributed extremely unequally in the southwestern area, while it is distributed comparably equally in the northern regions.
Results
The estimated results of the factors that influence the land holding structure are presented in Table 2 . In general, the variables used significantly explain the variation in the 4 dependent variables measuring timberland holding structure. The MEAN and the LE80 models perform better relative to other models and have higher adjusted R square of 0.76 and 0.73 respectively. This means that our explanatory variables used to explain the average holding size (the mean) and small ownership (the percentage of land held fewer than 80 hectares) is much better than for the other two dependent variables (GINI and LA800). It also indicates that ownership structure change is quite complicated and has different trends in each category. According to our expectations, it is likely that increasing population density (POPD) would drive down the mean holding size (MEAN) and percentage of timberland held by owners of more than 800 hectares (LA800). However, increasing population density causes more equal distribution of forestland, as measured by the Gini index (GINI) of land holding. Under a given supply of timberland, a larger population will lead to a larger demand for timberland. This is particularly driven by non-timber consumption purposes, such as for recreation and second homes that usually would not need holdings larger than 800 hectares. Also, the opportunity costs of owning large holdings for primarily non-timber benefits will be too large.
The percentage of elderly population (OLDP) has a negative impact on mean holding size (MEAN) but a positive impact on timber land held by small ownership (LE80). Its impact on GINI and share of large timber land holdings (LA800) is not statistically significant. This may be because a large share of elderly population holds only small tracts of timberland. In the LE80 model, the percent of persons 65 years old or more (OLDP) is closely related to parcellation. Some studies show that death rate is one of the major driving forces behind fragmentation and parcellation (DeCoster 1998, Mehmood and Zhang 2001) . Since death rate is strongly related to the old population, OLDP serves as a proxy for death rate in our model. Thus, our estimated results of elderly population are consistent with previous studies.
Rural population has a statistically negative impact on the timberland distribution (GINI) and is positively correlated with small holdings (LE80), indicating that an increase in percent of rural population is related to less concentration of forestland among a few large holding owners. It also is indicative of a trend of forestland parcellation, with an increase in share of owners of small holdings and an associated decrease in the mean holding size. However, rural population does not show any significantly different impact for larger holdings, such as larger than 800 hectares (LA800).
Our results indicate that per capita income (INCP) has no impact on land holding distribution measured by all 4 dependent variables (see Table 2 ), but the income distribution measured by income Gini coefficient (INGI) does matter. Less equal income distribution is negatively correlated with the share of small land holdings but positively related to the mean size of timberland holdings. Theoretically, a negative impact on small holdings should have a positive impact on large holdings. Our results neither support nor reject this trend statistically. This may indicate that increasing income disparity is associated with more medium land holdings (e. g. 80-800 hectares) but not with large land holdings.
The percentage of forestland (FORC) has an impact on the mean size of land holdings (MEAN) as more timberland percentage scales up the holding size within any given distribution. This may also be due to the effects from supply side, but it does not have any impact on timber land distribution measured by the other three variables (LE80, GINI and LA800). The share of familyowned forestland (FOIN) that does not include forest industry or corporations has a big impact on all the 4 indicators of timberland distribution. More family-owned timberland will reduce the average holding size (MEAN) and share of large holdings (LA800) while increasing the share of small holdings (LE80) consequently decreasing the inequality of timberland distribution (GINI). The average land quality index (AVLQ) has a negative impact on the mean of the average holding size and is positively related to the share of small holdings. This is consistent with our expectations since better quality of land (lower value of the AVLQ index) has larger opportunity costs for small owners who usually do not use the land primarily for timber production.
Conclusions and Discussion
This paper analyzes the current forestland holdings at a county level in Alabama. Our results indicate that forestland holdings vary not only in average holding size but also in structure. Simply examining the mean holding size might not be adequate to catch the whole picture of timberland owning structure. For example, findings in other studies (Ripatti 1996 show that both parcellation and consolidation co-exist. In that case, the mean level cannot reflect the structural change.
Previous studies addressed the impacts of population growth and urbanization on forestland ownership and forestland use change Plantinga 2004, Kline and Alig 2005) . It is argued that private forestlands in the United States face increasing pressure from growing populations, resulting in greater numbers of people living in closer proximity to forests (Kline et al. 2004b) . A contribution of this study is the finding that not only does the sheer number of population but also their structure, such as age structure and spatial distribution determine forestland ownership distribution.
In the cycle of a person's life, wealth, production and consumption behaviors, and preference and value to different products change all the time. The American population demography is experiencing significant changes currently. Therefore, it is important to consider age structure in empirical studies. In terms of spatial distribution, the likelihood of owning timberland and the size of holding are largely dependent on where timberland owners reside. A county that has a higher proportion of urban population would be significantly different from another county with a higher share of rural population. Our society is experiencing urbanization and urban sprawl as well as aging; therefore the spatial distribution and structure of age would be important issues when we address timberland holding and ownership change.
Our results indicate that welfare distribution and the share of small holding sizes, as well as average holding size, are related. This suggests that researchers examining timberland holding structure should expend greater efforts to collect accurate income distribution data as a measure of welfare. Our studies also support the relationship between the type of land tenure and holding size. It is not surprising that the forest industry tends to own large amounts of forestland, while family and individuals usually own small holdings. In the recent decade, major forest products companies have been selling their timberland to NIPFs, especially to TIMOs (Timberland Investment Management Organization). What kind of impact can we expect from this transfer? It should be an interesting area worthy of future investigation.
The implications of our study are not limited to Alabama. We expect that similar research could be done in other states in the South. Since our study is within Alabama, and we assume that all owners face similar tax system, tax issue is not included. If we examine the variation across the state, taxation is another important factor that influences the variation of timberland holding size as well as the types of ownerships (e.g., the industry, family or TIMOs) across a region and time. Therefore, the mechanisms of parcellation, timberland price, tax issue are also important aspects that are worth exploring in the future.
